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(57) Abstract 

The invention discloses a method of providing a cDNA containing the 
whole of the information on the primary structure of a protein by selectively 
synthesizing only the complete-length cDNA that contains a sequence begin- 
ning with the cap site of a mRNA. The process for producing an intermediate 
for the synthesis of the complete-length cDNA comprises the step of treating 
a faiRNA extracted from cells with an alkaline phosphatase to eliminate the 
phosphate group from the 5' end of an uncapp^ incomplete-length mRNA» 
the step of decapping from the 5' end of a capped complete-length mRNA, 
and the step of linking the 5'-end phosphate group formed in the above step 
to either the DNA oligonucleotide represented by the following general for- 
mula (I) or a DNA-RNA chimera oligonucleotide by means of a T4RNA li- 
gase to selectively add the DNA oligonucleotide or DNA-RNA chimera oli- 
gonucleotide having an arbitrary sequence to the 5' end of the complete- 
length mRNA: S'-dNpdNj-f -dNm-Ni-Nj-'*' -N„-3', wherein dN re- 
presents a deoxyribonucleotide selected from among dAMP, dCMP, 
dGMP and dTMP; N represents a ribonucleotide selected from among 
AMP, CMP, GMP and UMP; represents a phosphoric ester linkage; 
m represents an integer of 1 or above; and n represents an integer of 0 or 
above. The process for synthesizing a complete-length cDNA comprises 
linking a double-stranded DNA primer having a dT tail by annealing to 
the poly (A) tail of the 3' end of the complete-length mRNA having the 5' 
end to which the DNA oligonucleotide or DNA-RNA chimera oligonucle- 
otide have been added as described above, and then synthesizing a single- 
stranded cDNA complementary to the complete-length mRNA by means 
of a reverse transcriptase. 
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(57) mm 

:3e^ -;y:&«#^.^TV^-5^:^ftInRNA(D5' b ^ ^ l^^f 

NA:rU rf5^ ^ b^t^'KXtiDNA-RNA zf^^i^^ u 7^ ^ K 5: T4RNA ViS- 

D NA^ U n*5t ^ KXtiDNA-RNA ^:tV zf^ ^ U:t9^ K^#iP-r^X 

m^^ti. ^±^cDNA^^]^r?>t::-i^<D^f^W(Dmm.:^^^Mm\^f:^. 

^ CI] 

5' -dNi-dN2 dNm-Ni-N2 Nn-3' [ I ] 

{tzt£L. ^fp. dNtidAMP. dCMP. dGMP. dm?(D^^i'tii)^(Dr^:t^iyVyH^^\y 
^j-g^K^r. N {±AMP . CMP . GMP . UMP cDl.^"f n*^(D U ^ 1/ ^ff^ K$:. - it 

mn^mr. ) 

{±DNA-RNA:3pp( y ^ L^^^ K*5#in$tlfc^:^:gmRNAcD 3' 
5^^^(D7KU A7^-;Hl. d T7^-;i/=S:Wr^x>^tlDNAy5>r -^-^tT--;!/ 
y^^jVNTiS^teW^Cct UMia^r^SmRN Acffltf^^^C^— Mc DN AS: 



AT ^ - X h r 

AU ?r - X h 7 u r 

BE ^ ;u — 

BF -/^u ^ -^-v T y 

EG -/ >y u r 

BJ ^-f- > 

BR -/ 7 
BY 7 — *> 

CA * -^ r 

CP 4>*r -7 ^) ^ ^IDS 

CG 3 > :y — 

CH X >f X 

CI 3 — h . i? .if T — 'W 

CM * ^ /u — > 

CN 4>a 



CS ^ y 3 X o 'y T T 

CZ ^ X .-/ a^ffiH 

DE K ^ 'V 

DK -T > -7 - 5^ 

ES i y 

FI 7 ^ > 7 > K 

FR 1 7 > X 

GA ;y .-K V 

GB >f 4^ »J X 

GN ^-r 

GR 4^ U •> V 

HU > 'i — 

IE r >f 7 > K 

IT A 9 ^ " 

JP B* 



KR :fe«tSS 
KZ i) -^7 X 9 > 

U gtr>->^^>f> 

LK X^) 7 yfj 
LU /l- 7 -b > ^ 7* 
LV 7 h •/ < r 
MC t -^ 3 

MG r trxfj iv 

ML -V U 
MN ^ IT 
MR — <J ^ - T 
MW 7 'V >f 
NE - i;f X — /I. 
NL f7 > r 

NO / /u Jt — 

NZ - ^ — i^ — -7 K 



PL .t:- 7 > V 

PT rtc ;u h 

RO /u — -V ^ r 

RU D •> r 

SD x — r> 

SE X^ j~ — T > 

SI X o i - T 

SK X u r + r ^fOB 

SN -b ^. ^ fXr 

TD V - K 

TG h — 3r 

UA O 9 7 i -r- 

US 

UZ -V X-<^ X ^ ^^^fiJH 

VN 'y X h A 
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mmm 

m^9.<DT ^ J WMnmrnt. mRNAtm— K$ti,TlN^„ ^J^oXmRNA 

cDNA^ n— — ^^{zfcVNTft^bMll'iZ i^fim RNA±{zn— K$tLTV>'5® 
fiKCD-^S^«JgfS^=&^T-^t^cDNA$r^^-rSc: i:lr*)S, ^^/d:niRNA{± 5 

5? K^-C$:-^tfcDNA{±^^ScDNAi:ll?{f tlT^>S, ^^:ScDNA*5^^-e 

^«£5f5St)JC2:< ffli/^'btlTi.^-SGubler-HoffmanjSCGene 25:263-269(1983)] T-^ 
^L/ccDNA{±, ^±«cDNA$:^^i-€>Z,!:{±m*'i(.^o - 

Okayama-Berg^CMol.Cel I.Biol. 2: 161-170 (1982) ]{±, ^t^ScDNA?:^^^ 
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i^L. z©^?^T-li. ^-0c DNA^fig;65^^f^-e#JhLT^.^^tJ(DC^dC■r- 
m RN A{- d^^fSf-S^^^ftcDNAtj-^fig^ tl^. 

:t V ^ U:t^ KX{±DNA-RNA df- ^ 5 ;j- U ^ U:d- 5^ \^ ^ i^jjQ-t ^ Z. iHZ J: 

o 

t^Jiio^. :^mMlt. m*^bWmb;tmRNA^&T;i':^U/i^7.:77'^— tfT- 
^Of3ilLT, ^-V y:&SoVNTl^?j:i.^^^^ftmRNA® 5 ' 5^)^*^ 6 'J V^S?: 
^+ «y ^:65^^^T^^-5^^ftmRNA<D 5' 5K^:6^t.:3r-^ -7° 

?:^^i-'Sxj@i:. mjimiz^i)^^Ltz5' ^^v>mmiz. tih^ en -c- 

S^ti-g) DNA;i-U rf?^ KXfiDNA-RNA ^ ^ ;?|- U rf 5? ^ U:;^^^ K§:T4 
RNA ViS-'^lzJz-DXmi^^-^. ^±:RmRNA(7)5' *^{-jS^6<Jti-(5E(7)@H 
^^'J^rWT'SDNATi- y rf^?.^' U:t^ KXtiDNA-RNA ^^rP^ rf 5? Ui^^^ K$: 

#il[]-r'SX@§:-^ta\ ^:fe*c DNA$:^^T'5/:i*?)<D4'r^#^«^)S^Jt;^JSfe 
5'-dNi-dN2 dNm-Ni-N2 N^-S' [I] 

itztzL. dN{±dAMP, dCMP, dGMP. dTMP(D<.^-f U tKJ? ^ U 

3t-5=-K$r, N {±AMP . CMP , GMP , UMP (D v^-f U tKp? ^ K$r. - {± 

Mifc^r^r. ) 
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U rf5? ^ ^2^5^ KX{±D NA- RNA^r^ =y ^ V ^ l^^f^ K ;6^*#ijn ^ ti, 
^r^^AmRNA(7) 3 ' 5^^(7)7K U Ax-;i/{-. d T7^-;l/$r Wt-S— ^^IDN 

^t>{c. >fc^HJ(i. _hfB*^B^cD c DN Aco-^^:&^*{zte^^T, Mia^ [i] 

-e^^tb^ DNA2^ U rf5?^ U;?|-9^ KXti D N A - RNA:3p^ 5:tV 

DNA-RNA:3r^ U3*5?^ 7^ 5^ K I- 4" ''ct: < i: ®m^^El--SM|5S^ 
^RE 1 (D^^gPfir:&-^5t^, BrffS-^flDNA:/^^' v-;6S. trffSMPfi^^ R E 

•JiSlit^n/c:, -^IctlDNAy^-r V — iimRN A- c DNAJ\-f y' V ^ K<d5S 

USg-ft^it-SX^.!::. #t,ti<;^c^'fbM^^^^ ^-f1^<^RNAgl5iJJ-=l: D N 
A{l^>g^-r-SXS5:$-«i{Z-&t?. ^±:Rc D N A ^r-^t^mm;^ ^ ^ 

cDNA ^ P — > tii^x-rS M<D -ilkmW^^ ^±X^ti:ih\zt^^). z n fU^ L 
T a *> {z M e H =& 1^3^ ^ ii: S c <i: *s bT . 

m 1 {±. :3lr-V ^> ycOoi/>;^;mRN A{-. ("DNA-RNA p« 5 ;^ U rf5? ^ U 

gI2{±. rf5?i5?U;d-^K?:3^^LfcmRNA^^^{lLT, cDNA^r-a- 

fig -r -5 X@ ^ HI Tr S , 

3*:^B^{i^^:gcDNA?r^fiX1-^:&^f-K-rSt)(75-e$>tJ, < 2 ocD©Pg:6^ 
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b;?f-f^KX{±DNA-RNA ^ ^ y :t V ^ ^ U :t ^mU^'it ^ Z tX' $> . m~ 

U >^S5:l^*-r-5. 3(75SJ^vt;(i^a7;i/:^7 U 7^ :7 7 ^ - -tf 5: ffi i ^ :: 

:i<^)X@{zteV^T. ^^ftmRNA(l{±-?-(D5' y^jt;^? 
o^^x^^-5>cD•^, T;1/;^7 'Jz}^X-7T ^— IfW^ t^cti/^ ^r^X. 5' ^^S^fz^ap 

TIH^ [1] 1?^$nSDNA;t U rf3^ ^ L/:;*-^^ KX{±DNA-RNA:35.p< 5 
U rf5? L/:?l-5" ^ + «y "/i^ L /c^:^*m R N A® 5 ' 5^1^U>Ma 

fz, T4RNA U:^'-if $:^V^T5ti^-r'5. 

5'-dNi-dN2 dNm-Ni-N2 ^^.-3' [I] 

(rzT\ dNli, dAMP, dCMP; dGMP, dTMP®^^-f 'J /i^J? ^ L/t}-^^ 

K$:. N {±. AMP . CMP . GMP , UMP (Dt^-f U ^ b :?f-^ F - {± U 

) 

di^f^bt^o SURSlf^RE 1 (i, DNA-RNA ^n-T U K ?:^f«lf L t. CDl? ti 
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^^^5mRNA(D5' *«^{±^-X@{c J; U U >m^t-^ tlX7i<.m^tfj:':>X 
^^^tzisb. DN A;?|- U rr5? ^ KXfiDNA - RN A^^ 5 ;t U =f 5? ^ b ;r 

^ K{±#ilP$n'S:VN. tJ^oT, DNA^y 3*5?^ KX{iDNA-RNA^ 

^. T4 RNAH :Sr--tf{i.i:-5i^-^{±, D N Ai: R N A ^ cDM^<t U t> R 

NAiiRNAt(D^^(D:^ii-'^miZ^^-d^M^^(DX\ DNA-RNA=¥p? 5 :^^ 

Z ZXm^^^tl?>DNA^ V 3*5? ^ KX{±DNA-RNA ^yir^) rf5? ^ b 

-^^T?^^, DNA- RNAdrpt 7;^- y rf5? Kfi, -?-(^-^^{±^ 

;i-U rf3? ^ l^:?!-^ K$rmRNA{-i^^-rSSlS{;fei.^T{i, :d- U rf5? ^ 
K$:, mRNAcD=E;H5({cJt^:^j!ii!Jffit'^-5>C,i;:6SM^ LVN. 

^-©P^TliiliL/cDNArty 3*5?^7 U:?r5^ KXfiDNA-RNA ^tTU rf5? ^ 
K##mRNA^. 3' ^^{- n^CDdTx— -T-S^^fc^lDNA ^•5-1' 
v-iiT--;bL/im. ai^^B^CCck U^-McDNA-lr^figi-S. y^-fv-:^ 
^^taT-S— ;^:$IDNA {±, 2f-U rf5? ^7 b2f-^ KT$)oTt), ffiitO-*^ D N AKff 

^ Kfi5(5(DDNA ) lr^•^Tt)3&^t^^/d:v^, ;t U 5? ^ U2^9^ K{±, -fb^-^^tici: 
oT^^-C#S, n{± 1 0~3 Oi@:6SM* ^^x^ 

;^5ii:T. dTx-;i/$:#ip-r'5r^{c J;»JiiigT?^S. :: (D^-^-CD n {± 5 0 ~ 7 0 
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^'P^£< imPff^-t^Z HTb^t^tH^^o RE2 {imRNA- c DNA^N^* 

REl i:RE2 {i^^oTt)cl:t^255> — y^-f ^ — §:fflVN^^-a-{-{±. REl t 
RE2 

^^^^^•t^, mmmmmmRE lR-CfRE2i}t^:&L:^J:^^m-^izlt. V>iJ 

-RZ>'T 4 DNA U p?7— tf ct BM<Dmm^^^^^-r ::. t 

-5*5. 31- U rf5? b^^-^^F y'' 5 -r V (.N^iDN Air >T--^^-r V — .1:^1? ^ - 
y^-f ■7-=l:^«.^/ci©-^Tr{iMj^»:-5, U ^^^^ K ^''"^ ■7-*> -5 D 

K. n;^^ K, yT-i^m) =&«#*RE1 i:RE2 T-t:0»ft/cm (^-XS 

. ^-xsT'iis^LT^zcDNA m)i^'y^f-i>B>izj^i)mx 
nz^^n^ji^. ^^-ftKDm-^izti. mmmwm^-^-fiz^m^f^mmcD^'f 
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RNaseH. :^MMDNA tKUp^^— t*I . :;^M^DNA V iS—^^miULX . RNA II. 
^±McDNA^m-r^^ U-ly^'S^m-^izli. ±U(Dmi¥izJ:i}mmLfz 

(1) mRNACDmm 

\L V — A7f;>c:7;d--7°P-r-1' >P1$: n — Ki--5cDNA^ n — > (J^Bg5ji4-ii 

T^-y >:^''-v>/N^' A:?±ig-r > trhn^^=3r^:/ h {zJ;»J. RNA $:liML;^c. 

mTG(5' )ppp(5' )G 5: 7° O h n — U tc^Jfl b T, RNA cD 5 ' % 

y&Ht/ii: c;5>, ^600 J^^CDfire{z^-/^> K}d«M«)'iti/i. r ;ja ^ m R 

. ^V^Tt h U tKV — -t.yisX:7:d- ^'nT^-r >P1 mRNA (DgH^J. mik^-^l 0 0® 

(2) DNA-RNA dp ^ ^ ^ y :f 3? ix^l" 9^ FtD-g-^ 

X^fc^. ^'r;V3 9 2) X "7 2^ T $ ^-T J: »J -^fig L 

5' -dG-dG-dG-dG-dA-dA-dT-dT-dC-dG-dA-G-G-A-3' 
RNA ^-z^7.— =y%±miO:>m-^. DNA -^^S^^fi, yif^-{ hVW ;r 
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T-3i^y— ;i/ (3:1) ?^?^T't:0 U m L fcm. THF 5 5 'c 1 0 BfF^^iaS L T 

(3) DNA;t U ^ U;2f-9^ K^D-^^ 

5' -dG-dG-dG-dG-dA-dA-dT-dT-dC-dG-dA-dG-dG-clA-3' 

(4) DNAmf^y'^y^^-o^mm: 

^6 Of@£Dd Tx — ;l/#iinLyb P KA 1 ^^^--7°^^' V— (#5g¥4 - 1 1 
7 2 9 2 # {- IB®) I 00 n&^. 10 0 ^{5(Z)MPS^^N_d_e I T'M'ft L 
, 1. 5 %T:i!fn — X'!f;l'«5v.^SlH:6^-j-. d T 7^-;V?:W-r^^5 0 0 b p (D 

^:&SMi 

##M'eigML/-t h UtKV — A7jsX7*-7P7^^'>Pl(D^7^;HnRNA 1 0 
g=fc, 100 mM Tris-HCl (pH 8){i^ft?b. RNase $:#^^ci;i^^^'^x U T*^T 

^ h U "^jU (pH 6.0) , ImM EDTA, 0.1% $ - :^ )Vti-7° V :r.^ J—}\^. 0.01 % T 
riton X-100 ^?S(i^ft?L/c, Z;jxfi, ^ 3 S^fS^tT n 7 t 3? --If (nitf 
•t nv--X%±mi) 1 m^5:$:^i)DL-r. l 0 0 l T- 3 7°C l 

JKi^-V •/^3®L/cmRNA 15 pmole , ##MT*'^^ L ;^c:DNA-RNA 
y 12*5? K150 pmole ^75 mM Tris-HCI (pH 7.5), 0. 1 mM ATP, 10 mM M 

gCl2, 5 mM V^i!r7.\y^V—)\^. 10 A 1 DMS0^?SlC^ft? L , T4RNA U tf 
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i^mmtm) i o omiii^UiuL. i o o i -e i er i 6 B#r^;Ki^?si± 

DNA-RNA V ^ K5:3^i^L/cmRNA 3 g ^^6 0{i(DdT 

x-;l/#ilPL/-pKAl^^ ^-:7''5^ -7- (#IS¥4-117292{cfa®) 1.5 Ag$:. 
50 mM Tris-HCl (pH 8.3), 75 mM KCl, 3 mM MgCls, 10 mM h—JV 
. 1.25 mM dNTP (dATP+dCTP+dGTP+dTTP)^M{imil? L, M^^^ (^MmtM 

) 2 0 o^iiL^'maL. mm. 2 0 /X 1x^4 2°c I mmRm-^^tz. ^mm^y^L 

;WJS£B^. 01^ y — ;Vfcfcig$rtT5^f<'\ -^l^';^ h5r50 mM Tris-HCI (pH 7.5), 
100 mM NaCl, lOmM MgCl^, 1 mM 9^ 7. 1/ ^' h —JV^WilzmML tz. ZtHZ 

EcgRi {^mmn.m) i o om^^mmL. mA2 o fi ixs i-cimm^m-^ 

Tris-HCl (pH 7.5), 100 mM KCl, 4 mM MgClg, 10 mM (NH4)2S04, 50 /i g/ml 

^^Mmyj]^-^<>mmizmmLtz. z.niz:kmmmk vis—a i^mmtm) e 

0^{i^^llDL, 1 6'Cl e^mRm^ittz. ^Jt^miz2uM dm? 2ya K i^m 

mmk /Kyp(5— b'l i^mm^tm) 4s^itL. ;^j^MRNaseH i^mm^tm) o.i 

#^?:^iPt. 1 2°C 1 PtF^oiNT' 2 2°C 1 B^P^SfS^it;^-. 
>SJS}^ 1 0 I =&:^J1MHB101 cDn>trx> h$fflJiS 1 0 0 1 tM-kLtzm. 

Jt=iP~-:{,^b 1 2{@^rf&V^. T>hfi>y >-^WLB^fife 3 m 1 {z^^L 7^:1^1:. - 

^ K^&EcgRl ^NotI■^^^'fE:L/c^t, T:^*o -xy;i/S^^®(2}6^t/c i: Z 5. 

•fn-hme o obpcD-r h ^^LXi^^tz, ^ti^ticDcDNA^^(DJ^s@a^j=fc 

'^■If^^P tr>mRNA (BRL^tgg) 5 a g IIJSM 1 ^ |Hl<^(^^?St?J3^i U 
>^^b. ^^^XBl^^r y zfmMLfz. #t>*i/cm RNA 3 0 p m o 1 i:##MT' 
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-^^L/h DNA- RN A:3f p< U rf5? K 3 n m o 1 50mM T 

ris-HCl (pH7. 5). 0. 5mM ATP. 5mM MgCla. 1 
OmM 2 -^;l/:<7 >'>3ii5 y — 2 5 %;K U b > ^ U n -;l/;;K^}i£{-^ 
ML. T 4RNAViS-'ii (SMitliM) 5 0^{£5r^^ijnL, ^.a3 0/zlT'2 

o°c, 1 2mm^m-^-\i:fz, Emm^y3i^--)\^mii!,'^. ^-ji^mm^n^^ 

^^T'C DNA^^2Sfct>*:^M^CD?l^H«EM^^T-:>/c. ^^^«&±{C;£^b;^c3 □ 

D NA{i:3p^ :/gp{a2i^t>f?]4 0 0#g{l Eco R I gP{i$: ^i" S we. ^ 

DNA$r#A,-eVN^?:i: E c o R I M-fbtiJ: ■^T4 0 0 b p(DKIfit?: 

^^!g-r^(±rT?«)'5, m^Lfcy^x^ k ^ e c o r i ^i n o t i T-m^bbT^^ft 

^400bpii^250bp (DA> ]>t^^ibintio Z(D Z t.ib^ h\^^-f ti<D ^ U — 
i^-h^±^c DNA&-^^-^fl^Si:®^:)i^^. r :: ^rSg^-T-S ^ o 
->®5' 5^j^cDi^SgB^J?&^^L;^ci: z ^, VN-fn^ E c o R I ^{^g^Tj^tz 
^^yi- K{-i3|5-r-2)gH^Ji^, ^;n{-^< +i-=J? If >m R N A 

(D^^ ^•f^&i}^ib><Dmm-^^VX\,^f^, m^W^ii LTffl^^/i'i'-9-:a?^7' 

Pkr>mRNA{ia- ^Tp kr>m R NAi: /S - □ tf > m R N AcD^g-^tlT^ -5 
. MlifL;^:: 1 2 ^ P — >tf 4{i:6Sa -yp tfXD, Smt^ ^ - ^U\£l^<D% 
DNA^P — V-Tr^-^/co 

DNA-RNA:3rP« U rf^ ^ K(Df^t?'J{z. ##M(3) Ti^MbT^c 

DNA2^U P*55 ^ l^;d-5^ K$rffi<.^-migMi:lllfil©ll^$rff o/i, ^coi^m. 

^a-^rPtf>^-5tN{±'i7-9-df /3 - ^U\:f>(D%±Ac D N A $:-^^^r^^yh, 
^jfeM4 

IIJSM2T:iS;KL/i, DNA-RNAdf ^ U ^ KStj^j^Lt^c'^ 
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§: 5 om-fegP E c o R I i: 5 omfe(D N o t I "TrM-fbL y'^^ ^-pKA 
1 (i^^¥4 - 1 1 7 2 9 2 -tf-ia^) <D E c o R I , Not I ti'fbtl 1 g ^ 

^ K5ri^t^L/co -/^X^ K =g: E c o R I L N o t I 
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